INTRODUCTION
Keloids formation occurs secondary to excessive local fibroblast proliferation and synthesis of collagen fibers; [1] this process frequently occurs in the chest wall, shoulder, upper arm and other locations. The disease course of a keloid on the chest wall is longer, and these areas tend to be wider, particularly in Aim: This study aimed to investigate the efficacy of the myocutaneous flap of the rectus abdominis in the surgical treatment of a large defect on the female chest following keloid excision. Methods: According to the location and size of the keloid on the chest, a myocutaneous flap based on the left or right rectus abdominis muscle was designed and transferred for repair of a chest defect following keloid resection. Radiotherapy was performed in the surgical area on the first and seventh postoperative days. Results: From January 2015 to March 2016, rectus abdominis myocutaneous flap coverage and early radiotherapy were used to treat 7 cases of keloids on the female chest. A postoperative follow-up of 10-14 months (average 12 months) was conducted. All the flaps survived well without evidence of keloid recurrence, and all patients achieved an improved chest shape. Conclusion: The rectus abdominis myocutaneous flap is a viablemethod for wound closure following resection of large keloids on the female chest.
females [2] in whom the lesions frequently involve the breast and other peripheral organs. Many treatment methods have been reported including triple therapy in which surgery is combined with steroid injections and silicone sheet application.
[3] While surgery combined with radiotherapy is effective in the treatment of keloids, [4] the wound cannot be directly closed following resection of keloids greater than 10 cm × 10 cm in width and length on the chest wall. In women, given the presence of breast tissue, it can be even more difficult to employ primary closure. Skin grafting would delay radiotherapy.
[5] Therefore, for large defects following keloid excision in females a rectus abdominis myocutaneous flap was used to repair the wound, and achieving a better therapeutic efficacy than a skin graft.
METHODS
Clinical data: 7 female patients, aged between 25 and 46 years, with an average age of 33.40 ± 8.32 years presented with keloids of the chest. Five patients had keloid formation following hyperplasia of chest acne infections, and 2 patients developed keloids after the resection of a skin mass. None of the patients had a history of upper abdominal surgery.
Preoperative preparation
Large keloids frequently have surface irregularities and crevices which can permit the accumulation of contaminating substances and put the patient at risk for postoperative infection. In cases in which an infection is already present, debridement, drainage and dressings should be performed until the infection has been brought under control. Three days prior to surgery, daily povidone-iodine disinfection was performed for patients who have recently recovered from an infection or in whom sinuses have formed beneath the keloid mass. All other patients were required to shower daily beginning three days prior to surgery. With instructions to thoroughly clean the keloid and any depressed region or gaps. Cotton swabs were used during each cleanse and running water was used to rinse the gaps.
The skin surrounding the keloid mass was also determined to be healthy and clean prior to surgery. In cases in which infective acne was present in the surrounding skin, daily 75% alcohol local disinfection was performed until the infection was controlled. For cases in which the acne was in its recovery stage with resolution of erythema and pain, the remaining pustules were cleaned and the wounds were covered with sterile gauze. Patients were healthy and received medical clearance prior to surgery. Blood glucose levels were controlled in diabetic patients. Prior to beginning surgery, an abdominal flap was designed based on the size of the keloid. A Doppler stethoscope was first used to determine the site of perforation of the superior epigastric artery into the upper abdominal skin, and then, according to the perforation point, the rotation point of the flap pedicle, the size of the flap, and the location of the flap were determined and marked [ Figure 1 ].
Surgical methods
The operation was performed under general anesthesia. The patient was placed in the supine position, and the chest and abdomen were disinfected and covered with sterile drapes. Local infiltration anesthesia was performed using a 0.06% lidocaine (1:20,000 adrenaline) solution in the area surrounding the planned incisions. An incision extending to the deep fascia was first created around the keloid on the chest. The keloid tissue was then removed at the level of the deep fascia. Complete hemostasis was performed. For those patients in whom a preoperative local infection and sinus had been present, the wound was rinsed with hydrogen peroxide solution followed by saline. For patients without a pre-existing infection, saline solution alone was used for irrigation. After re-confirming the size and shape of the wound as well as the design of the abdominal flap, an incision was made within the markings of the designed flap and extended to the deep fascia. The anterior sheath of the rectus abdominis was separated and opened. The rectus abdominis muscle was exposed and separated from its posterior sheath. The rectus abdominis was divided distally with vessel ligation. The flap was elevated proximally to the level of the xiphoid until the flap could freely rotate to the chest using the superior epigastric artery as the pedicle [ Figures 2 and 3] . Following complete hemostasis, the flap was transferred to cover the chest wound and the abdominal donor site wound was closed [ Figure 4 ]. As much of the anterior rectus sheath was preserved as possible in order to maintain the integrity of the abdominal wall.
Postoperative treatment
Radiotherapy was administered to the chest and abdominal donor site on the first and seventh postoperative days; each dose was 900 cGy for a total dose of 1,800 cGy. The wound was checked and cleaned every three days following surgery and sutures were removed 14 days postoperatively. A compression garment was used 1 month after suture removing until the wound scar become pale and flat.
RESULTS
From January 2015 to March 2016, the rectus abdominis myocutaneous flap was used combined with early radiotherapy to treat 7 cases of large keloids on the female chest. All flaps survived, and the incisions healed during the primary stage without any cases of infection, dehiscence or other complications. All patients completed their courses of thoracic and abdominal radiotherapy. Follow-up was conducted for 10-14 months (average of 12 months) and demonstrated that all incisions healed well without any cases of keloid recurrence. Furthermore, the patients were satisfied with the shape of the chest and abdomen [ Figures 5 and 6 ].
DISCUSSION
Keloids occur in the skin and can expand rapidly towards surrounding normal tissue. Keloids are pathologically composed of collagen fibers and often protrude clinically from the skin. They often occur epidemiologically in young people, especially in females. [6, 7] Keloids frequently form on the chest, shoulder, and lower mandible of the face secondary to acne.
Various therapeutic management techniques have been reported in literature including conventional surgery, cryosurgery, medical therapy including steroid and 
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5-flourouracil injections, and physical modalities such as radiation and laser treatment. Combination usage of these techniques has also been widely reported.
5-flourouracil combined with steroid injections is often used with clinical results better than with 5-flourouracil alone.
[8] Laser treatments in conjunction with steroid injections has also been reported.
[9] Careta et al. [10] reported encouraging results following the use of cryosurgery with intralesional steroid injections in the treatment of earlobe keloids. However, the combination of surgery with other techniques is more widely used, particularly the combination of surgery and radiotherapy. Mankowski et al. [11] suggested that surgery and postoperative radiotherapy was the most effective method out of all keloid treatment modalities.
The surgical resection of scar tissue combined with postoperative radiotherapy can inhibit the proliferation of fibroblasts and the synthesis of collagen proteins during early wound healing. Postoperative radiotherapy is a reliable method for the treatment of keloids. The primary requirement for early postoperative radiotherapy is wound closure following resection of the keloid; otherwise, radiotherapy cannot be applied. Primary closure is strongly recommended in this method.
[12]
Methods for wound closure include direct closure, local flap transfer, internal mammary artery (IMA) perforator flap transfer, and skin grafting.
[13-16] Different methods can be selected based on the width of the keloid on the anterior chest wall. For single or multiple isolated lesions with a diameter within 1-3 cm, keloid resection and direct closure can be performed. If direct closure cannot be readily achieved, skin flaps or skin grafts should be performed to decrease the wound tension. For chest wall lesions with a diameter greater than 3 cm, a local flap or IMA perforator flap can be performed to cover the defect and avoid wound dehiscence. For lesions less than 5 cm × 5 cm, randomized local flaps are possible with primary closure of the donor site. IMA perforator flaps are a better option for keloids larger than 5-10 cm in diameter. For very large keloids larger than 10 cm × 10 cm, skin grafts are the best option following resection.
[5]
Although both primary closure and local flap transfer are suitable for the surgical treatment of small keloids, free flaps can more adequately cover larger wounds. There are particular challenges associated with wound coverage of large chest keloids in female patients secondary to aesthetic considerations of the breasts. The wound can be covered with a skin graft, but layers of gauze covering the skin graft region often affect the performance and efficacy of radiotherapy. Conversely, radiotherapy may also cause a failure of the skin graft. In addition, for female patients, the breasts limit the effective use of a chest flap. Therefore, choosing an appropriate wound repair method is both challenging and important in the treatment of large thoracic keloids in females. The blood supply to the rectus abdominis myocutaneous flap is reliable with minimal injury to the donor site.
[17] For wounds following resection of a keloid on the chest wall, and especially on the distal aspect, the rectus abdominis muscle flap not only is easy to transfer but provides a good tissue match to therecipientsite in color, texture and thickness. [ 
18]
The rectus abdominis muscle is located on both sides of the median line of the anterior abdominal wall of the human body, and has a relatively constant blood supply from the superior and inferior epigastric arteries. The superior epigastric artery generates a thick perforating artery at the proximal aspect of the rectus abdominis muscle. The external diameter of this perforating vessel is often larger than 1 mm. The perforating branches are primarily distributed within a range of one tendinous insetion above the umbilicus and 8.0 cm below the umbilicus. The medial perforating vessels are often the dominant blood vessels among the perforating vessels of the inferior epigastric artery.
[19] Because the superior and inferior epigastric arteries have a relatively wide range of distribution of perforating vessels to the abdominal skin, specific perforating vessels can be selected according to the size of the chest wound and its distance from the abdomen.
The rectus abdominis muscle is important in maintaining abdominal wall strength. Partial preservation of this muscle therefore essential when designing the rectus abdominis myocutaneous flap. In a report by Chen et al., [20] 8 patients underwent breast reconstruction with the muscle-sparing TRAM flap. Of these 8 patients, 2 experienced borderline necrosis and subcutaneous fat liquefaction within zone IV of the flap, with healing following debridement. Although partial skin flap necrosis is well-tolerated in breast reconstruction patients, it is problematic in keloid treatment as it delays the initiation of postoperative radiotherapy. This scenario also increases the risk for keloid recurrence secondary to chronic inflammation.
[21]
Abdominal wall strength is preserved and herniation is prevented by saving the anterior sheath of the rectus abdominis muscle.
The IMA perforator flap is another option for patients with keloids of the chest wall. Trauma to the abdominal wall is minimized with this method as compared to the rectus abdominis myocutaneous flap. Ogawa et al. [22] have reported use of this skin flap design in chest wall keloid wound coverage. In their report, a skin flap measuring 14 cm × 5 cm was designed based on the dominant perforators of the IMA in the 6th, 7th, 8th and 9th intercostal spaces. In the current study, however, the borders of the keloids extended more distally. The perforators were difficult to identify by Doppler ultrasound secondary to the overlying keloid mass. These perforators would also have been damaged following resection of the, and therefore would have been unsuitable for use as a flap pedicle. The rectus abdominis myocutaneous flap is a more appropriate choice in this situation for very large keloids which cover the inferior chest and upper abdominal wall.
Although use of the rectus abdominis myocutaneous flap from the abdominal wall for wound repair following keloid resection can provide a reliable blood supply and good soft tissue match, the extent of surgical trauma and the patients' medical status demands that one consider the following points when selecting this surgical method:
(1) This surgical approach is appropriate for women and patients engaged in light physical labor because of the effect of muscle harvest on abdominal wall strength. For men and patients engaged in moderate to heavy physical labor, the method should be selected only after careful consideration. During surgery, the integrity of one side of the rectus abdominis muscle is compromised, which to a certain degree damages the strength and integrity of the abdominal wall. Therefore, for young male keloid patients, this surgical method is not recommended, and is why all patients in this series were women.
(2) The rectus abdominis muscle flap is more suitable for wound recovery following resection of a keloid located in the middle or distal aspect of the chest. Secondary to limitations of the length of the pedicle, it would be difficult to repair a keloid located in the middle or proximal chest. Moreover, the subcutaneous tissue of the flap is quite thick which provides a poor match to tissue of the upper chest. In addition, the longer the pedicle required, the wider the dissection must be, increasing the size of the donor site defect. For patients who have demonstrated a propensity towards keloid formation, the risk of postoperative scar hyperplasia or additional keloid formation is even greater. When a keloid in the middle or lower part of the chest wall has been repaired with a myocutaneous flap from the rectus abdominis muscle in the middle or upper abdomen, the postoperative incision will be located within the radiotherapy range, which is both convenient for performing radiotherapy and reduces the extent of radiation damage to the normal tissue. Therefore, it is recommended that a myocutaneous flap of the rectus abdominis from the middle or upper abdomen be used to repair the wound following keloid resection from the middle or lower chest.
(3) Although a rectus abdominis myocutaneous flap can provide a large portion of tissue for wound repair, the amount of tissue that this approach can provide is nevertheless limited. When the wound following resection exceeds the amount of tissue that can be provided by the flap, one must additionally consider other methods or the use of multiple flaps in combination for repair. 
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